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Background and objectives Allergic rhinitis may contribute to sleep disordered breathing (SDB) in children. Although adenotonsillectomy is commonly performed to treat SDB, some patients will return to their primary practitioners with residual sleep symptoms. The aim of this study was to assess the incidence of allergic rhinitis via radioallergosorbent testing (RAST) in children undergoing adenotonsillectomy who had residual snoring or sleep symptoms.
Methods
A retrospective analysis of 500 patients post-adenotonsillectomy was undertaken. The incidence of residual snoring, residual sleep symptoms and results of RAST, as well as total immunoglobulin E (IgE) after surgical intervention, were documented.
Results
Children with positive RAST results or elevated total IgE had a significantly greater incidence of residual snoring post-adenotonsillectomy (P = 0.049) and residual sleep symptoms after surgery (P <0.0001).
Discussion
A positive RAST or elevated IgE in children with SDB was associated with incomplete resolution of snoring and residual sleep symptoms after adenotonsillectomy. Thus, there should be raised suspicion of allergic rhinitis in this population. SLEEP DISORDERED BREATHING (SDB) describes conditions ranging from primary snoring to obstructive sleep apnoea (OSA) 1 and affects approximately 7% of the paediatric population. 2 It is associated with clinically significant cardiovascular morbidity and impaired cognitive development. [3] [4] [5] SDB is characterised by partial or complete periodic obstruction of the upper airway while sleeping. This is often coupled with snoring, oxyhaemoglobin desaturation, repeated arousals and carbon dioxide retention. 6 One major treatable cause of SDB is adenotonsillar hypertrophy. 1 Thus, the recommended surgical management of SDB in this age group is adenotonsillectomy, which results in resolution of signs and symptoms in 80-90% of cases. 7, 8 In the remaining 10-20% of cases, among other factors such as ethnicity, obesity, sleep-state dependent laryngomalacia, craniofacial and congenital abnormalities, allergic rhinitis may also contribute to ongoing symptoms postoperatively. 9 Allergic rhinitis results in nasal obstruction due to mucosal oedema and secretions. 6 This increases upper airway resistance, predisposing children to partial or complete upper airway obstruction during sleep. 10 Importantly, it may be a treatable component that contributes to residual symptoms such as snoring.
The aim of our study was to evaluate the largest cohort of children who have had adenotonsillectomy for SDB to determine if there is an association between radioallergosorbent testing (RAST) or elevated immunoglobulin E (IgE) levewith residual sleep symptoms in children.
Methods
The study analysed a retrospective cohort of 500 consecutive patients aged 1-16 years. An audit was conducted of children aged 0-12 years with sleep symptoms who underwent adenotonsillectomy and revealed features of allergic rhinitis on clinical examination or medical history from 2007 until the present. Those who underwent adenotonsillectomy for SDB by a single surgeon in the Illawarra region of New South Wales, Australia between July 2008 and September 2015 were reviewed. Patients were eligible for analysis if they were aged 1-16 years and had undergone adenotonsillectomy not in conjunction with any other procedure, had a serum RAST or IgE test performed intraoperatively and had not been previously diagnosed or treated for allergic rhinitis. The indication for RAST was determined by a personal or family history of allergic rhinitis, asthma or eczema, or examination findings suggestive of allergic rhinitis; this information was recorded for each patient by the operating surgeon prior to intervention. Follow-up of at least six weeks was necessary to be eligible for assessment. Of the 500 patients, 28 (5.6%) were lost to follow-up, leaving 472 available for complete analysis.
Patients were asked questions pertaining to symptoms considered to be indicative of allergic rhinitis, including persistent sneezing, persistent itching or rubbing of the nose, rhinorrhoea and nasal obstruction. 11 Examination findings considered to be indicative of allergic rhinitis included prominent inferior turbinates, allergic shiners, allergic dorsal Incidence of allergic rhinitis in children with residual snoring and sleep symptoms after adenotonsillectomy nasal skin creases from persistent rubbing of the nose and mucoid stranding on anterior rhinoscopy. 11 For each case, the history and physical examination findings were noted at the initial assessment and six weeks postoperatively by the surgeon who had performed the procedure.
Other residual symptoms (ORS) besides snoring were determined by collateral history from carers and specifically recorded pre-operatively and six weeks after surgery. Carers were asked about frequent waking, restless sleep, witnessed gasping or choking, mouth-breathing, frequent misbehaviour (defined as frequent misbehaviour raising parental or teacher concerns with a variation of behaviour outside of subjective norms including tantrums, being disruptive, disrespectful or attention seeking), daytime somnolence, daytime naps, poor concentration, sleep walking, night terrors, bruxism and nocturnal enuresis.
When assessing patients, all preoperative and post-operative assessments and questions were asked by the surgeon performing the procedure. Although a standardised questionnaire was not used, specific questions were asked to determine if significant elements of the history, as explained above, were present or absent, the significance of which has been previously described in the literature. 11 Similarly, the same physical examination, observing for specific signs as previously decribed, 11 was undertaken by the same surgeon. To minimise the risk of bias, data were collected and assessed independent of the surgeon involved in the care of patients.
Radioallergosorbent testing analysis
Biochemical analysis of allergic rhinitis was performed using the standard RAST technique as previously described, 12 and serum IgE levels were detected using ImmunoCAP Total IgE Fluoroenzyme immunoassay (Thermo Fisher Scientific Inc). All 500 patients underwent RAST and IgE testing by obtaining serum vials at the onset of anaesthesia, prior to commencing the procedure. The RAST analysis was used to detect atopic disease to inhalant allergens (house dust mite, grass pollen, mould, animal mix) as well as staple food mix.
The null hypothesis of no association between factors (RAST, allergic rhinitis signs or symptoms or allergens) and outcomes of residual snoring and other ORS was assessed with a Fisher's exact test of independence (or no association). Two-way tables were generated with the presence or absence of a factor against no residual snoring and residual snoring. A Fisher's exact P value <0.05 was declared significant. The proportions of patients with the outcomes of interest for each level of the factor were estimated and converted to percentages for ease of interpretation. Exact Clopper-Pearson confidence intervals (CI) for binomial proportions were estimated for each proportion and converted to percentages. Differences between these percentages were estimated with the corresponding 95% exact unconditional confidence limits for the difference. Ethics approval was gained from the University of Wollongong Human Research Ethics Committee: HE16/155 UOW HREC.
Results

Allergic rhinitis and its association with other residual symptoms and snoring
The percentage of children with a positive RAST or elevated IgE in our cohort was 37.3% (176/472). The majority of patients who underwent adenotonsillectomy for SDB had resolution of snoring (92.4%, 436/472); 79.8% (348/436) of these patients had no ORS ( Figure 1 ). A total of 7.6% (36/472) had residual snoring, and 20.2% (88/436) had ORS at the sixweek follow-up. Of these residual snorers, 55.6% (20/36) were positive on RAST/ IgE testing. In patients with ORS but no snoring, 67.0% (59/88) were positive on RAST/IgE testing (Figure 1 ).
To determine if there was a relationship between RAST/IgE status and residual snoring or ORS, a Fisher's exact test was performed. A significant association was found between a positive RAST/ IgE test and residual snoring (P = 0.049). Approximately 11% of patients with a positive RAST/IgE test had residual snoring, compared with 5.5% of those with a negative RAST/IgE test, an increase of 5.4% (95% CI: 0.16, 10.6; Table 1 ). Furthermore, an association was identified between patients who tested positive for RAST/IgE and ORS post-surgery (P <0.0001; Table 2) , with approximately 38.8% of patients with ORS, compared with approximately 13.8% without ORS (difference = 25%, 95% CI: 16.0, 33.10). Therefore, a positive RAST/IgE result is associated with ORS post-adenotonsillectomy and may also be associated with residual snoring.
It is unclear whether allergic rhinitis signs and symptoms alone are able to predict residual snoring or ORS after surgery. To determine this, we performed Fisher's exact tests between residual snoring and the variable of interest (allergic rhinitis signs and symptoms). We found no significant relationship between the presence of allergic rhinitis signs or symptoms prior to surgery and residual snoring (P = 0.43). Of those patients who had ongoing residual snoring after surgery, approximately 10.1% of patients had allergic rhinitis signs or symptoms prior to surgery, compared with 7.3% who did not present with allergic rhinitis signs or symptoms ( Table 1) .
The same test was performed to determine if allergic rhinitis signs or symptoms were associated with ORS. There was no significant difference between those patients who presented with allergic rhinitis signs and symptoms prior to surgery and those who had ongoing ORS post-surgery (28.8% versus 22.7%, P = 0.27; Table 2 ). This suggests that RAST/IgE testing may help to predict snoring or ORS post-surgery and that signs or symptoms of allergic rhinitis prior to surgery are not a sufficient predictor alone.
Common allergens
An analysis was conducted to determine whether there was a relationship between common allergens and residual snoring or ORS. Dust mites (28.2%, 141/500) and grass pollen (7.8%, 39/500) were the most common allergens. There was a significant association between house dust mite allergy and the presence of residual snoring, with approximately 12.1% of snorers testing positive for house dust mite allergy, compared with 5.7% of snorers who did not have a positive test (difference = 6.4%, 95% CI: 0.4, 12.3, P = 0.03). No significant relationship was found for other common allergens (data not shown).
Patients who had ongoing ORS postsurgery also had a significantly higher incidence of allergy to dust mites, compared with those who had a negative RAST/IgE result for the allergen (39.7% versus 16.6% respectively, difference = 23.1%, 95% CI: 13.3, 32.6, P <0.0001). The same relationship was also seen for those who were positive for grass pollen (41% versus 21.9%, difference = 19.1%, 95% CI: 2.7, 35.3, P = 0.01) and mould (64.3% versus 22.3%, difference = 42%, 95% CI: 15, 69.3, P = 0.001) but not to staple food mix (34.5% versus 22.8%, P = 0.17) or animal dander (28.6% versus 23.2%, P = 0.5), although the number of patients with an allergy to the latter three allergens was limited ( Table 3) .
Gender
Overall, we found no significant difference between the proportion of males and females who had positive RAST/IgE results (41.2% versus 33.9%, P = 0.12). Furthermore, a three-way assessment of residual snoring state by gender by RAST/IgE status revealed no significant difference between males and females that were RAST-positive and presented with or without residual snoring (data not shown).
Discussion
This is the largest cohort study to evaluate the incidence of allergic rhinitis and residual symptoms postadenotonsillectomy in the Australian paediatric population. The majority of patients experienced SDB resolution irrespective of RAST or IgE status, a finding supported by previous literature. 13 However, our results suggest an association with a higher incidence of residual snoring or ORS when positive for RAST/IgE. Although a possible advantage of pre-operative RAST or IgE testing for this population would be to determine a positive status and ensure closer follow-up after surgery, given the greater likelihood of resolution, it may be more feasible to perform RAST or IgE testing in those children with ongoing snoring or ORS.
Our results support previous research with smaller cohorts highlighting a greater incidence of incomplete resolution of SDB symptoms in children who had positive RAST or IgE results. 1, 7 However, we did not find a significant relationship with residual snoring or ORS in patients with allergic rhinitis signs and symptoms irrespective of RAST or IgE status. Therefore, history and examination findings of allergic rhinitis alone may be inadequate in guiding the physician to suspect a greater potential for residual snoring or ORS to be present postoperatively without using a RAST or IgE test.
Our results are comparable to previous papers of smaller cohorts with respect to incidence of patients with positive RAST and snoring. 13, 14 The postulated cause of SDB in patients with allergic rhinitis may be related to prolonged oral breathing resulting in caudal mandibular growth 15 and oedematous nasal mucosa causing turbulent airflow as well as nasal obstruction, both of which may be present as a result of an IgE-mediated immune response to an aeroallergens in patients with allergic rhinitis. This nasal obstruction can result in persistent mouthbreathing and may be a major contributing factor to SDB. 16 Allergic rhinitis may also contribute to SDB via other common symptoms including nocturnal pruritus, nasal itching and rhinorrhea. 16 Thus, establishing RAST positivity may be useful to predict patients at greater risk of ORS or residual snoring post-adenotonsillectomy. However, further prospective studies are required to investigate this.
Previous smaller studies have suggested improvement in SDB in children with active allergic rhinitis treatment. 17 Our data suggest a significantly higher incidence of ORS in those patients who had a positive RAST or IgE test, but the management of allergic rhinitis is beyond the scope of this paper. However, on the basis of these results, avoiding exposure to allergens may be of some benefit if detection can be specified. Allergens detected to have a statistically significant association with residual snoring and ORS in our cohort were dust mite and grass pollens. Along with avoidance of such allergens, topical or systemic methods of medical management may be of benefit, although further prospective research is required to determine treatment effects. With respect to gender, previous literature has suggested that males are more likely to have SDB than females. 18 Allergic rhinitis is also more prevalent in males, 19, 20 which raises the question of whether male patients are more likely to have ongoing symptoms postadenotonsillectomy than females. In our cohort, there was no significant difference between gender and the incidence of allergic rhinitis detected clinically or via RAST/IgE. Similarly, there was no difference in the incidence of residual snoring or ORS when comparing male and female patients. Thus, gender may not predispose patients to a greater risk of residual snoring or ORS post adenotonsillectomy.
Our study was a single-arm retrospective analysis with the aim of identifying the incidence of residual snoring or ORS in children with SDB and its association with allergic rhinitis post-adenotonsillectomy. Thus, there are limitations to our study. Questions regarding symptoms were uniformly asked of all carers for patients; however, standardised questionnaires may have been better in assessing recurrence and severity of sleep symptoms.
The data were not controlled for confounding contributors to ongoing SDB, such as obesity, 21 and follow-up was at a single time frame of six weeks postoperatively. Subsequent review 
Conclusion
A positive RAST or IgE testing result is associated with incomplete resolution of snoring or ORS after adenotonsillectomy in children, possibly predisposing them to a more reactive airway and disrupted sleep. Our current data suggest that RAST/ IgE testing in children with SDB may be a relatively simple and cost-effective diagnostic adjunct to identify those patients presenting to practitioners after surgery with residual sleep symptoms that may be amenable to allergy treatments. Prospective research in a consecutive cohort of children undergoing adenotonsillectomy for SDB has commenced, to determine if a positive RAST/IgE result can predict those patients who are more likely to have residual snoring and ORS after this procedure.
Implications for general practice
• Allergic rhinitis diagnosed via RAST or IgE is associated with residual snoring and ORS in children with SDB.
• RAST/IgE testing is relatively easy and inexpensive to perform. In conjunction with a focused history and examination, the test may allow the primary care physician to decide on treatment for allergy where there are residual symptoms of SDB. Provenance and peer review: Not commissioned, externally peer reviewed.
